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RESISTIVITY PHASE CHANGE MATERIAL 

BACKGROUND 

Thin ?lm transistors are sometimes used to modulate 
voltage to selectively attenuate light in displays. As a result, 
such displays may be complex and expensive, may utiliZe 
high voltages and may lack image quality and resolution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic illustration of one example of a 
voltage modulator according to an example embodiment. 

FIG. 2 is a circuit diagram illustrating an electrical circuit 
corresponding to the voltage modulator of FIG. 1 according 
to an example embodiment. 

FIG. 3A is a graph illustrating laser pulses that may be 
employed in the voltage modulator of FIG. 1 according to an 
example embodiment. 

FIG. 3B is a graph illustrating electrical current across a 
resistive phase change material as a function of the appli 
cation of the laser pulses of FIG. 3A according to an example 
embodiment. 

FIG. 4 is a sectional vieW of a pixel of a display according 
to an example embodiment. 

FIG. 5 is a sectional vieW of another embodiment of the 
pixel of the display of FIG. 4 according to an example 
embodiment. 

FIG. 6 is a sectional vieW of another embodiment of the 
pixel of the display of FIG. 4 according to an example 
embodiment. 

DETAILED DESCRIPTION OF THE EXAMPLE 
EMBODIMENTS 

FIG. 1 schematically illustrates one example of a voltage 
modulator 10 that may be used to selectively apply a voltage 
or electrical ?eld across a structure or a gap Which may or 

may not be ?lled. As Will be described in greater detail 
hereafter With respect to FIGS. 4-6, modulator 10 is Well 
suited for use in displays. In other embodiments, modulator 
10 may be utiliZed in other applications. 
As shoWn by FIG. 1, voltage modulator 10 generally 

includes electrode 20, electrode 22, gap 24, electrode 26, 
phase change layer 28, voltage source 30, resistor 32, laser 
34 and controller 36. Electrode 20 constitutes a structure or 
layer of electrically conductive material proximate to gap 
24. Electrode 20 is electrically connected to terminal 40 of 
voltage source 30 and is further electrically connected to 
electrode 26. Electrode 20 cooperates With electrode 22 to 
establish an electric ?eld across gap 24. In one embodiment, 
electrode 20 is substantially transparent so as to transmit 
light. In one embodiment, electrode 20 is formed from an 
electrically conductive transparent material such as indium 
tin oxide. In other embodiments, electrode 20 may be 
formed from other transparent electrically conductive mate 
rials such as PEDOT or other transparent, partially trans 
parent, partially re?ective or opaque electrically conductive 
materials. 

Electrode 22 constitutes a structure or layer of electrically 
conductive material proximate to gap 24 on an opposite side 
of gap 24 as electrode 20. Electrode 22 is electrically 
connected to terminal 42 of voltage source 30. Electrode 22 
cooperates With electrode 20 to form an electric ?eld across 
gap 24. In one embodiment, electrode 22 is formed from an 
electrically conductive opaque or light blocking material 
such as copper, gold or aluminum. In one embodiment, 
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2 
electrode 22 is con?gured to re?ect light. In still other 
embodiments, electrode 22 may be formed from other light 
re?ective or light transmissive electrically conductive mate 
rials. 

Electrode 26 constitutes one or more layers of electrically 
conductive material proximate to phase change layer 28 on 
an opposite side of phase change layer 28 as electrode 22. 
Electrode 26 is electrically connected to terminal 40 of 
voltage source 30 and to electrode 20. As a result, electrode 
26 is at substantially the same potential as electrode 20. In 
one embodiment, electrode 26 constitutes one or more layers 
of transparent electrically conductive material such that 
energy from laser 34 may be transmitted through electrode 
26 to phase change layer 28. In one embodiment, electrode 
26 may be formed from a transparent electrically conductive 
material such as indium tin oxide or PEDOT. In other 

embodiments, electrode 26 may include other electrically 
conductive transparent materials. In still other embodiments 
Where energy is applied to phase change layer 28 in other 
manners, electrode 26 may be formed from opaque electri 
cally conductive materials. Electrode 26 may also be formed 
of a metal layer With openings to be partially transparent and 
alloW energy to reach phase change layer 28. 

Phase change layer 28 constitutes one or more layers of 
one or more materials con?gured to change betWeen differ 
ent phases or states having distinct levels of electrical 
resistance. Once in a particular state, the material or mate 
rials of layer 28 are further con?gured to substantially 
maintain the same level of resistance in absence of further 
applied energy or until subsequent application of energy to 
the material or materials. Phase change layer 28 is electri 
cally coupled betWeen electrode 22 and electrode 26. When 
in a high resistance state, layer 28 may substantially insulate 
electrode 22 from electrode 26. When in a loW resistance 
state, layer 28 may freely conduct current betWeen electrode 
22 and electrode 26. In one embodiment, phase change layer 
28 includes Group 4 semiconductors (i.e., semiconductors 
formed from materials in Group 4 of the Periodic Table). For 
example, phase change layer 28 may be formed from 
crystalline silicon, polycrystalline or amorphous silicon. In 
other embodiments, phase change layer 28 may include 
other phase change materials such as II-V and III-VI com 
pound semiconductors. 

Voltage source 30 constitutes a source of alternating 
current having terminals 40 and 42. As noted above, termi 
nal 40 facilitates electrical connection of voltage source 30 
to electrodes 20 and 26. Terminal 42 facilitates electrical 
connection of voltage source 30 to electrode 22. In other 
embodiments, source 30 may supply a direct current. 

Resistor 32 is electrically connected betWeen voltage 
source 30 and electrodes 20 and 26. Resistor 32 is used as 
a voltage divider. 

Laser 34 constitutes a device con?gured to apply energy 
to phase change layer 28 in su?icient quantities or for 
su?icient durations so as to change one or more materials of 

layer 28 betWeen the different states and levels of resistance. 
In one embodiment, laser 34 constitutes a laser con?gured to 
direct one or more beams of laser light through electrode 26 
to phase change layer 28. Although not shoWn, in embodi 
ments Where energy source 34 constitutes one or more 

lasers, energy source 34 may additionally include one or 
more actuators and one or more optical lenses, masks and 
the like for directing energy to layer 28. In one embodiment, 
laser 34 constitutes a laser con?gured to impinge a spot or 
point having a diameter generally facing gap 24 and being 
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less than or equal to about 0.5 microns in size. In one 
embodiment, laser 34 may comprise a solid state blue laser 
of 421 nm Wavelength laser. 

Controller 36 constitutes a processing unit con?gured to 
generate control signals for directing voltage source 30 and 
for further directing laser 34. For purposes of this applica 
tion, the term “processing unit” shall mean a presently 
developed or future developed processing unit that executes 
sequences of instructions contained in a memory. Execution 
of the sequences of instructions causes the processing unit to 
perform steps such as generating control signals. The 
instructions may be loaded in a random access memory 
(RAM) for execution by the processing unit from a read only 
memory (ROM), a mass storage device, or some other 
persistent storage. In other embodiments, hard Wired cir 
cuitry may be used in place of or in combination With 
softWare instructions to implement the functions described. 
Controller 36 is not limited to any speci?c combination of 
hardWare circuitry and softWare, nor to any particular source 
for the instructions executed by the processing unit. 

Controller 36 varies the resistivity of phase change layer 
28 by selectively applying energy to phase change layer 28 
to change layer 28 betWeen different resistance states. In one 
embodiment, controller 36 selectively applies energy to 
phase change layer 28 using laser 34. In one embodiment, 
controller 36 generates control signals such that laser 34 
passes a laser through electrode 26 to irradiate phase change 
layer 28. Controller 36 generates control signals such that 
laser 34 selectively applies laser pulses having different 
intensities and/or for different durations to change layer 28 
betWeen different resistance states. Once one or more por 

tions of phase change layer 28 have been changed to a 
desired resistance state, application of energy to the one or 
more portions of layer 28 is ceased. Those portions of phase 
change layer 28 substantially maintain their states of resis 
tance Without further application of energy from laser 34 and 
until such portions are once again irradiated With energy 
from laser 34. 

In operation, controller 36 generates control signals caus 
ing laser 34 to apply energy to phase change layer 28 so as 
to selectively change layer 28 betWeen different resistance 
states. By changing phase change layer 28 betWeen different 
resistance states, controller 36 further controls the electrical 
?eld applied across gap 24. 

FIG. 2 schematically illustrates an electrical circuit 110 
Which corresponds to modulator 10 in FIG. 1. For purposes 
of discussion, those components of circuit diagram 110 
Which correspond to modulator 10 in FIG. 1 are numbered 
similarly. As shoWn by the circuit diagram of FIG. 2, gap 24 
and any suitable materials located Within gap 24 act as a 
capacitor betWeen electrodes 20 and 22. Phase change layer 
28 acts as a resistor betWeen electrodes 20, 26 and 22. 
Because phase change layer 28 and gap 24 are electrically 
connected in parallel betWeen electrode 22 and electrodes 
20, 26, the charge or electrical ?eld across gap 24 varies as 
a result of the resistance provided by phase change layer 28. 
As the resistance of phase change layer 28 increases, the 
voltage or electrical ?eld across gap 24 also increases. 
Likewise, as the resistance provided by phase change layer 
28 decreases, the voltage or electrical ?eld across gap 24 
also decreases. Thus, by controlling and selectively varying 
the resistance of phase change layer 28, controller 36 also 
varies and controls the voltage across gap 24. 

Because phase change layer 28 substantially maintains its 
level of resistance Without further application of energy 
from laser 34 and until being subsequently irradiated With 
energy from laser 34, a desired electrical voltage across 
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4 
those corresponding portions of gap 24 may also be sub 
stantially maintained Without further substantial refresh 
ment. Moreover, because controller 36 (shoWn in FIG. 1) 
applies energy to layer 28 using laser 34, ?nite and con 
tinuous portions of layer 28 may be selectively irradiated, 
enabling the ?nite portions of layer 28 to be provided With 
distinct resistance states. As a result, ?nite portions of gap 24 
may also be provided With distinct electrical ?elds, facili 
tating greater resolution betWeen portions of gap 24 that 
have distinct electric ?elds across them. In embodiments 
Where voltage modulator 10 is employed in a display, such 
an enhanced resolution may also lead to enhanced image 
resolution. 

FIGS. 3A and 3B are graphs illustrating one example 
method for changing a portion of layer 28 betWeen different 
resistance states. In particular, as shoWn by FIG. 3A, con 
troller 36 (shoWn in FIG. 1) generates control signals 
directing laser 34 to irradiate layer 28 (shoWn in FIG. 1) With 
either laser pulse 210 or With laser pulse 220. Laser pulse 
210 has a generally higher intensity and shorter duration as 
compared to the intensity and duration of pulse 220. In one 
particular embodiment, pulse 210 has a suf?ciently large 
intensity and short duration such that the one or more phase 
change materials Within layer 28 alter the materials of layer 
28 to increase their electrical resistance. Likewise, pulse 220 
has a loWer intensity and a longer duration such that the one 
or more phase change materials of layer 28 may be restored 
or annealed so as to have a loWer electrical resistance. 

In one embodiment in Which phase change layer 28 
(shoWn in FIG. 1) is formed from crystalline silicon, pulse 
210 has an amplitude of about 8 milliWatts for a duration of 
about 50 nanoseconds. Pulse 220 has a poWer amplitude of 
about 2 milliWatts for a duration of about 1 millisecond. In 
other embodiments, depending on the particular material or 
materials of layer 28 as Well as the particular characteristics 
of layer 34, pulses 210 and 220 may have differing poWer 
and duration characteristics. Although FIG. 3A illustrates 
selective application of one of tWo pulses 210 and 220 to 
layer 28 to adjust a resistance of portions of layer 28, in other 
embodiments, controller 36 may generate control signals 
directing laser 34 to irradiate layer 28 With greater than tWo 
distinct pulses having different levels of poWer or different 
durations to provide portions of layer 28 With greater than 
tWo selected electrical resistances. 

FIG. 3B graphically illustrates changing of a portion of 
layer 28 betWeen tWo electrical resistance states as a result 
of the portion being alternately radiated With pulses 210 and 
220 shoWn in FIG. 3A. In particular, FIG. 3B illustrates 
electrical current conducted across layer 28 after the portion 
of layer 28 has been irradiated With either pulse 210 or pulse 
220. As shoWn by FIG. 3B, in the particular embodiment in 
Which layer 28 is formed from crystalline silicon, the 
electrical current conducted by layer 28 greatly dilfers 
depending upon Whether layer 28 is in the ?rst greater 
resistance state (graphically represented by the circles) after 
being irradiated With pulse 210 or is in a second lesser 
resistance state (graphically represented by the diamonds) 
after being irradiated by pulse 220. As shoWn by FIG. 3B, 
over time, layer 28 may heat up in response to being 
irradiated multiple times by laser 34 Which may result in an 
overall slight decrease in resistivity unless suf?cient cooling 
is provided. HoWever, the magnitude of the difference 
betWeen the ?rst lesser resistance state and the second 
greater resistance state is su?iciently large such that the level 
of resistance of layer 28 in the ?rst resistance state after 
approximately one cycle is still substantially less than the 
level of resistance of layer 28 in the second greater resis 
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tance state after approximately 50 cycles. As a result, the 
likelihood of a portion of layer 28 inadvertently attaining the 
?rst lesser resistance state due to heating of layer 28 over 
time is reduced. 

According to one example embodiment, the phase change 
materials of layer 28 are chosen such that portions of layer 
28 may be changed betWeen different resistance states by 
being irradiated With a laser for a duration of less than or 
equal to about 2 milliseconds and With a poWer level of less 
than or equal to about 10 milliWatts. As a result, modulator 
10 may modulate voltage at a high frequency With less 
poWer consumption. In one particular embodiment, the 
phase change material or materials of layer 28 are chosen 
such that the phase change material has a substantially 
unchanging resistivity in the absence of applied energy. In 
one embodiment, the material or materials of layer 28 are 
con?gured to have a greater resistance state at least tWo 
orders of magnitude times that of a loWer resistance state. 
For example, in the particular embodiment shoWn in FIG. 
3B, layer 28 has a high resistance state of about 100 to 1,000 
times that of the resistance of the loW resistance state. In one 
embodiment, layer 28 is formed from crystalline silicon. In 
other embodiments, layer 28 may be formed from other 
phase change materials con?gured to change betWeen dif 
ferent resistance states upon being irradiated by a laser or 
other energy having different poWers and for different dura 
tions. 

FIG. 4 schematically illustrates display 312 Which 
includes voltage modulator 10. Display 312 is con?gured to 
provide a colored image by di?ferently re?ecting light across 
a 2-dimensional array of pixels, one of Which is shoWn in 
FIG. 4. In addition to voltage modulator 10, display 312 
includes substrate 314, charge responsive optical layer 324 
and color ?lter 350. Substrate 314 constitutes a layer of 
transparent material supporting electrode 26. In one embodi 
ment, substrate 314 may constitute glass. In other embodi 
ments, substrate 314 may constitute other materials su?i 
ciently transparent to permit passage of energy from laser 34 
to layer 28. In still other embodiments, substrate 314 may be 
omitted. 

Charge responsive optical layer 324 is located Within gap 
24 betWeen electrodes 20 and 22. Charge responsive optical 
layer 324, sometimes referred to as an active layer, consti 
tutes one or more layers of charge responsive optical mate 
rial con?gured to di?ferently attenuate light based at least in 
part upon an electrical ?eld or voltage created across the 
material of layer 324 by electrodes 20 and 22. For purposes 
of this disclosure, the term “light” shall include ultraviolet 
light, visible light and infra-red light. In one embodiment, 
the material of layer 324 may constitute a polymer dispersed 
liquid crystal (PDLC). In other embodiments, the material of 
layer 324 may constitute other forms of liquid crystal 
materials, Wherein display 312 may or may not additionally 
include one or more polariZers depending upon the type of 
liquid crystal materials utiliZed. In one embodiment, the 
PDLC may be con?gured to selectively attenuate visible 
light. In another embodiment, the PDLC material of layer 
324 may alternatively be con?gured to selectively attenuate 
ultraviolet light. In one embodiment, the PDLC of layer 324 
may be dyed or otherWise colored. In still other embodi 
ments, the PDLC of layer 324 may be substantially White in 
absence of an electric ?eld. 

Color ?lter 350 ?lters light that is passed through layer 
324 and through electrode 20. Color ?lter 350 generally 
includes substrate 354, ?lter elements 356A, 356B, 356C 
(collectively referred to as ?lter elements 356) and light 
blocking portions 358. Substrate 354 constitutes a layer of 
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6 
transparent material overlying ?lter elements 356 and light 
blocking portions 358. In one embodiment, layer 354 may 
serve as a substrate upon Which one or both of ?lter elements 

356 and light blocking portion 358 are formed prior to ?lter 
350 being positioned With respect to voltage modulator 10. 
In one embodiment, layer 354 may constitute glass. In other 
embodiments, layer 354 may be formed from other trans 
parent materials, coatings and the like or may be omitted. 

Filter elements 356 are con?gured to ?lter selected Wave 
lengths of light. In the particular example illustrated, ?lter 
element 356A constitutes a green ?lter, signi?cantly attenu 
ating Wavelengths of light other than green Wavelengths of 
light Without substantially attenuating green Wavelengths of 
light. Filter element 356B constitutes a red ?lter, signi? 
cantly attenuating Wavelengths of light other than red Wave 
lengths of light Without substantially attenuating Wave 
lengths of light in the red portion of the visible spectrum. 
Filter element 356C constitutes a blue ?lter, signi?cantly 
attenuating Wavelengths of light other than blue Wavelengths 
of light Without substantially attenuating those Wavelengths 
in the blue portion of the visible spectrum. Because color 
?lter 350 has elements 356 con?gured to alloW each of the 
colors of red, green and blue to pass, the individual pixel 311 
shoWn in FIG. 4 may re?ect red light, green light, blue light 
or mixtures thereof depending upon the attenuation of light 
by layer 324. In other embodiments, ?lter elements 356 may 
have other colors or may ?lter feWer colors. 

Light blocking portions 358 constitute one or more mate 
rials disposed betWeen ?lter elements 356 that are con?g 
ured to substantially block all Wavelengths of light. In one 
embodiment, light blocking portions 358 may constitute a 
layer of dark or black colored material. Light blocking 
portions 358 inhibit light re?ected through one of ?lter 
elements 356 from undesirably passing through an adjacent 
?lter element. In other Words, light blocking portions 358 
reduce optical cross talk betWeen such elements. In other 
embodiments, light blocking portions 358 may be omitted. 

In operation, controller 36 of voltage modulator 10 gen 
erates control signals directing laser 34 to selectively 
impinge or irradiate phase change layer 28 With laser pulses, 
such as laser pulses 210 and 220 shoWn in FIG. 3A, so as to 
selectively change portions of layer 28 betWeen high resis 
tance and loW resistance states, depending upon the desired 
color of light to be re?ected from the particular pixel 311. 
For example, if the particular pixel 311 is to re?ect red light, 
controller 36 generates control signals causing laser 34 to 
change those portions of layer 28 opposite to ?lter element 
356B to a high resistance state and the remaining portions of 
layer 28 in pixel 311 to a loW resistance state, causing the 
greater voltage to be formed betWeen electrodes 20 and 22 
across layer 324 opposite to ?lter element 356B. As a result, 
those portions of layer 324 opposite to ?lter element 356B 
have a greater trausmissivity such that less light opposite to 
?lter element 356B is attenuated as compared to those 
portions of layer 324 opposite to ?lter elements 356A and 
356C. Because less light is attenuated in those portions of 
layer 324 opposite to ?lter element 356B, the incident light 
(schematically represented by arroW 360) passes through 
layer 354, ?lter element 356B, electrode 20, layer 324 before 
being re?ected off of electrode 22 and once again passing 
through layer 324, electrode 20, ?lter element 356B and 
layer 354 Where it is emitted as red light (schematically 
illustrated With arroW 362). Incident light 360 passing 
through ?lter elements 356A and 356C passes through 
electrode 20 and is attenuated by layer 324. In a similar 
fashion, other portions of layer 28 may be selectively 
changed betWeen high and loW resistance states to cause 
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layer 324 to selectively attenuate light passing through ?lter 
elements 356A, 356B and 356C such that pixel 311 also 
re?ects green light, blue light or mixtures of tWo or more of 
green light, red light and blue light. 

FIG. 5 is a sectional vieW of an individual pixel 411 of 
display 412, another embodiment of pixel 311 of display 
312. Display 412 is similar to display 312 except that display 
412 includes voltage modulator 410 in lieu of voltage 
modulator 10. Voltage modulator 410 is similar to voltage 
modulator 10 except that voltage modulator 410 includes 
phase change layer 428 in lieu of phase change layer 28. 
Phase change layer 428 is similar to phase change layer 28 
except that phase change layer 428 includes phase change 
portions 464A, 464B and 464C (collectively referred to as 
portions 464) and spacers 466. Those remaining elements of 
display 412 Which correspond to elements of display 312 are 
numbered similarly. 

Portions 464A, 464B and 464C are formed from substan 
tially the same materials as layer 28 (shoWn in FIG. 1). 
Portions 464A, 464B and 464C extend opposite to ?lter 
elements 356A, 356B and 356C, respectively. Portions 464 
are separated from one another by spacers 466. Spacers 466 
constitute one or more layers of one or more dielectric 

materials. Spacers 466 may enhance resolution of the pattern 
of portions of layer 428 having either high resistance states 
or loW resistance states. In other Words, spacers 466 provide 
de?ned boundaries for portions 464 that may be irradiated 
by laser 34 so as to have distinct resistances. As a result, 
greater control over transmission of light through ?lter 
elements 356 may result. 

In operation, display 412 performs similar to that of 
display 312. In particular, incident light 360 passes through 
layer 354 and through each of ?lter elements 356, through 
electrode 20 and through electrode layer 20. Depending 
upon Which of portions 464A, 464B and 464C of layer 428 
are in high resistance states, such incident light 360 further 
passes through layer 324 and is re?ected off of electrode 20. 
Such re?ected light once again passes through portions of 
layer 324 opposite to those portions of layer 428. having a 
high resistivity state, passes through electrode 20 and passes 
through color ?lter 350 Where it is emitted as light 362 
having a predetermined Wavelength. 

FIG. 6 schematically illustrates pixel 511 of display 512, 
another embodiment of pixel 311 of display 312. Display 
512 is similar to display 312 except that display 512 includes 
a tWo-dimensional array of pixels 511, Wherein each pixel 
511 includes colored re?ective portions 556A, 556B, 556C 
(collectively referred to as elements 556) and light absorbing 
portions 558 in lieu of color ?lter 350. Those remaining 
elements of display 312 Which correspond to elements of 
display 512 are numbered similarly. 

Colored re?ective portions 556 constitute layers or coat 
ings upon electrode 22 con?gured to re?ect the particular 
Wavelengths of light While absorbing other Wavelength s of 
light. In the particular example illustrated, colored re?ective 
portion 556A is con?gured to re?ect green light. Colored 
re?ective portion 556B is con?gured to re?ect red light. 
Colored re?ective portion 556C is con?gured to re?ect blue 
light. Because re?ective portion 556 re?ect each of the three 
colors, red, green and blue, appropriate voltages may be 
applied across portions of layer 324 to vary light attenuation 
by portions of layer 324 such that pixel 511 may re?ect red 
light, green light, blue light or mixtures thereof. In one 
particular embodiment, portions 556 are su?iciently thin so 
as to insubstantially electrically insulate electrode 22 from 
layer 324. In other embodiments, portions 556 may be 
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8 
formed from electrically conductive material. In particular 
embodiments, electrode 22 may itself provide portions 556. 

Light absorbing portions 558 constitute layers or coatings 
of material provided betWeen portions 356 and con?gured to 
absorb substantially all Wavelengths of light. For example, 
in one embodiment, portions 558 may constitute dark or 
black coatings or materials. Portions 558 reduce inadvertent 
mixing of re?ected light from portions 556. In other embodi 
ments, portions 558 may be omitted. 

Although pixel 511 is illustrated as including portions 556 
Which are con?gured to re?ect green, red and blue light, 
respectively, in other embodiments, pixel 511 may include a 
feWer or greater number of such color re?ective portions. In 
other embodiments, portions 556 may be con?gured to 
re?ect other colors of light. In still other embodiments, pixel 
511 may alternatively include a single color re?ective layer 
that re?ects a single color of light. Although portions 556 
and portion 558 are illustrated as being formed upon elec 
trode 22 adjacent to layer 324, portions 556 and 558 may 
alternatively be formed on an opposite side of electrode 22 
or Within electrode 22. 

In operation, controller 36 generates control signals caus 
ing laser 34 to selectively irradiate portions of layer 28 
opposite to one or more of portions 556. Those portions of 
layer 324 opposite to portions of layer 28 that are in a high 
resistance state attenuate light less than those portions of 
layer 324 opposite to portions of layer 28 in a loW resistance 
state. As a result, incident light 560 Which has passed 
through electrode 10 is attenuated by some portions of layer 
324 and permitted to pass through other portions of layer 
324 to be re?ected off of one or more of color re?ective 
portions 556 and to be emitted as light 562 having a desired 
Wavelength. For example, for light 562 to be in the red 
portion of the visible spectrum, controller 36 generates 
control signals causing laser 34 to irradiate portions of layer 
28 opposite to portion 556 With an appropriate pulse such 
that portions of layer 28 opposite to portion 556 have a high 
resistance state. As a result, portions of layer 324 opposite to 
portion 556B attenuate light to a lesser degree as compared 
to those portions of layer 324 opposite to portions 556A and 
556C. Incident light 560 passes through those portions of 
layer 324 opposite portion 556B, some of the light is 
absorbed by portion 556B, red light is re?ected from portion 
556B, and is emitted as red light 562. The incident light 
impinging portions of layer 324 opposite to portions 556A 
and 556B is attenuated to a greater extent. In a similar 
fashion, pixel 511 may also be actuated With laser 34 to emit 
green light, blue light or mixtures of tWo or more of green 
light, red light and blue light. 

Although the present disclosure has been described With 
reference to example embodiments, Workers skilled in the 
art Will recogniZe that changes may be made in form and 
detail Without departing from the spirit and scope of the 
claimed subject matter. For example, although di?ferent 
example embodiments may have been described as includ 
ing one or more features providing one or more bene?ts, it 
is contemplated that the described features may be inter 
changed With one another or alternatively be combined With 
one another in the described example embodiments or in 
other alternative embodiments. Because the technology of 
the present disclosure is relatively complex, not all changes 
in the technology are foreseeable. The present disclosure 
described With reference to the example embodiments and 
set forth in the folloWing claims is manifestly intended to be 
as broad as possible. For example, unless speci?cally oth 
erWise noted, the claims reciting a single particular element 
also encompass a plurality of such particular elements. 
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What is claimed is: 
1. An apparatus comprising: 
a resistive phase change material con?gured to change 

resistivity; and 
a charge responsive optical material con?gured to attenu 

ate light based at least in part upon the resistivity of the 
phase change material, Wherein the phase change mate 
rial changes betWeen a ?rst resistive state and a second 
resistive state in response to applied energy, Wherein 
the phase change material, once in the ?rst resistive 
state, substantially stays in the ?rst resistive state in 
absence of applied energy and Wherein the phase 
change material, once in the second resistive state, 
substantially stays in the second resistive state in 
absence of applied energy. 

2. The apparatus of claim 1, Wherein the phase change 
material is con?gured to change the resistivity in response to 
being irradiated by a laser. 

3. The apparatus of claim 1, Wherein the phase change 
material is con?gured to have a ?rst resistance upon being 
irradiated With a ?rst laser pulse having a ?rst duration and 
a ?rst intensity and Wherein the phase change material is 
con?gured to have a second greater resistance upon being 
irradiated With a second laser pulse having a second duration 
less than the ?rst duration and a second intensity greater than 
the ?rst intensity. 

4. The apparatus of claim 3, Wherein the ?rst resistance 
and the second resistance di?er by at least about tWo order 
of magnitudes. 

5. The apparatus of claim 3, Wherein the ?rst duration is 
less than or equal to about 2 milliseconds. 

6. The apparatus of claim 3, Wherein the second intensity 
is less than or equal to about 10 milliWatts. 

7. The apparatus of claim 3, Wherein the second resistance 
is at least 100 times the ?rst resistance. 

8. The apparatus of claim 3, Wherein the charge respon 
sive optical material attenuates light to a ?rst degree When 
the phase change material has the ?rst resistance and attenu 
ates light to a second lesser degree When the phase change 
material has the second resistance. 

9. The apparatus of claim 1 further comprising a color 
?lter opposite the charge responsive optical material. 

10. The apparatus of claim 1 further comprising a red light 
?lter, a green light ?lter and a blue light ?lter opposite the 
charge responsive optical material. 

11. The apparatus of claim 10, Wherein the charge respon 
sive optical material continuously extends across the red 
light ?lter, the green light ?lter and the blue light ?lter. 

12. The apparatus of claim 10, Wherein the charge respon 
sive optical material includes segregated portions opposite 
each of the red light ?lter, the green light ?lter and the blue 
light ?lter. 

13. The apparatus of claim 1 further comprising a re?ec 
tive layer opposite the charge responsive optical material. 

14. The apparatus of claim 13, Wherein the re?ective layer 
includes a red light re?ective portion, a green light re?ective 
portion and a blue light re?ective portion. 

15. The apparatus of claim 1 further comprising: 
a poWer source having a ?rst terminal and a second 

terminal; 
a ?rst electrode electrically connected to the ?rst terminal; 
a second electrode electrically connected to the second 

terminal; 
a third electrode electrically connected to the ?rst elec 

trode, Wherein the charge responsive optical material is 
betWeen the ?rst electrode and the third electrode and 
Wherein the phase change material is betWeen the 
second electrode and the third electrode. 

16. The apparatus of claim 15, Wherein the second elec 
trode is re?ective. 
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17. The apparatus of claim 1, Wherein the phase change 

material is selected from a group of materials consisting of: 
Group 4 semiconductors and Ill-V and Ill-VI compound 

semiconductors. 
18. The apparatus of claim 1, Wherein the charge respon 

sive optical material is selected from a group of materials 
consisting of polymer dispersed liquid crystal, LC and 
OLED materials. 

19. The apparatus of claim 1, Wherein portions of phase 
change material having a diameter of less than about 0.5 
micron facing the charge responsive optical material are 
con?gured to have distinct re?ectivities. 

20. The apparatus of claim 1 further comprising a laser 
con?gured to irradiate the phase change material to selec 
tively change the resistivity of the phase change material. 

21. A voltage modulator comprising: 
a poWer source having a ?rst terminal and a second 

terminal; 
a ?rst electrode electrically connected to the ?rst terminal; 
a second electrode electrically connected to the second 

terminal; 
a third electrode electrically connected to the ?rst elec 

trode; and 
a resistive phase change material betWeen the second 

electrode and the third electrode. 
22. The voltage modulator of claim 21 further comprising 

a charge responsive optical material betWeen the ?rst elec 
trode the third electrode. 

23. A method comprising: 
changing a resistivity of a resistance phase change mate 

rial to vary light attenuation by a charge responsive 
optical material, Wherein changing the resistivity com 
prises: 

irradiating a portion of the phase change material With a 
?rst laser pulse having a ?rst intensity for a ?rst 
duration such that the portion has a ?rst resistance; and 

irradiating the portion of the phase change material With 
a second laser pulse having a second intensity greater 
than the ?rst intensity for a second duration less than 
the ?rst duration such that the portion has a second 
greater resistance. 

24. The method of claim 23 further comprising ?ltering 
Wavelengths of light that have passed through the charge 
responsive optical material. 

25. The method of claim 23 further comprising selectively 
irradiating portions of the phase change material With a laser. 

26. The method of claim 23 further comprising increasing 
a resistance of the phase change material to decrease light 
attenuation by the charge responsive optical material. 

27. The method of claim 23 further comprising annealing 
a portion of the phase change material With the ?rst laser 
pulse such that the portion has the ?rst resistance. 

28. An apparatus comprising: 
a resistive phase change material con?gured to change 

resistivity; and 
a charge responsive optical material con?gured to attenu 

ate light based at least in part upon the resistivity of the 
phase change material, Wherein the phase change mate 
rial is con?gured to have a ?rst resistance upon being 
irradiated With a ?rst laser pulse having a ?rst duration 
and a ?rst intensity and Wherein the phase change 
material is con?gured to have a second greater resis 
tance upon being irradiated With a second laser pulse 
having a second duration less than the ?rst duration and 
a second intensity greater than the ?rst intensity. 
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